JEL Classification: C33, C5, Q4, O40, F43. This study highlights the important role plays by the output gap as guidance to the policymakers and macroeconomic decisions. There are two aims for this paper: firstly, it measures and estimates the output gap and secondly, it identifies and analyses the determinants of the economic output gap for the Saudi Arabian economy over the period 1970-2017. This paper uses the HP filter and the new form of production function methods to measure the output gap as the production function method gives more accurate results in calculating the output gap by basing the GDP gap on the sum of production factors gaps. The Autoregressive Distributed Lag (ARDL) cointegration approach and bounds test was applied to determine the factors responsible for this output gap and the Error Correction Model indicated the convergence towards longrun equilibrium. The findings showed the existence of a positive and negative cointegration relationship in the long run between the output gap and its estimated determinants whereby the public sector investment, import expenditure, and higher secondary enrollment have a positive relationship, while the money supply and export earnings have a negative relationship.
will create macroeconomic pressures in the form of excess demand in goods and labor markets, eventually generating upward pressure on the inflation rate or (b) a negative output gap which is usually accompanied by falling prices, Alkhareif and Alsadoun (2015) .
Saudi Arabia is known as the largest oil producer globally and still continues to rely on oil as the primary source of income. Therefore, it suffers from instability due to world oil price shocks. This requires finding a way to identify and measure these fluctuations. The output gap is the best way to do this. This paper has two aims: firstly, it measures and estimates the output gap for the Saudi Arabian economy, and secondly, it identifies and analyzes the determinants of the economic output gap.
The paper is organized as follows: an introduction in section one, a summary of the theoretical and empirical literature on the subject in section two, the calculation of the output gap in section three, the methodological framework and data and variables in section four along with the results and approach and a conclusion in section five.
A BRIEF REVIEW OF THE THEORETICAL AND EMPIRICAL LITERATURE
Two categories of methodology (See Table 1 below) have been used in economic literature for estimating the potential output and the associated output gap: the non-structural methodologies, which are not based on economic theory but based on statistical procedures; and the structural methodologies, which are based on economic foundations. The most well-known non-structural univariate methods are the linear detrending, the HodrickPrescott Filter, the Band-Pass filter, the Beverige-Nelson Decomposition, and the Unobservable Component (UC) method (Shahrier and Lian, 2014) .
The structural methods are based on specific economic foundations. The most well-known methods are based on the Okun's Law, the production function approach, the long-run restrictive models, and the NK-DSGE models (Alvarez and Gómez-Loscos (2018) ). Source: Shahrier and Lian (2014) .
The main advantages and disadvantages of each group of methodologies are discussed below. Special attention is given to the production function, which is based on the economic theory approach and adopted by many institutions like the European Commission for the surveillance of the EU member states, Central Bank of Japan and other Central Banks in the rest of world.
Many applied studies have been concerned with estimating and analyzing the output gap as an important tool of economic policy. The following are some of these studies:
components analysis and identifying plausible estimates of Ireland's output gap that are relevant for fiscal policy, Casey (2018) finds that the results produce more plausible estimates than the commonly agreed methodology's estimates. The findings of this paper state that the estimates has a similar explanatory power when incorporating price expectations and inflation-targeting or when considering wage inflation instead of price inflation. Kawamoto et al. (2017) explained the new methodology for calculating Japan's output gap and the potential growth rate. This study has revised the method of estimation by accounting for: (1) the time series of Japan's GDP statistics; (2) the newly available capital stock data according to 2008 SNA guidelines; and (3) structural changes taking place in labor and capital markets that should be reflected in these estimated trends.
This study has changed estimation methodology in three ways. Firstly, it revised the estimation method of the "labor force participation rate gap". Secondly, it adjusted the method for calculating the manufacturing "utilization gap" in order to reflect the economic depreciation of equipment and structures more appropriately. Finally it identified the persistent decline in working hours over recent years as more of a structural development possibly due to changes in people's working styles which revised the estimation method of the "hours worked gap,". It also
showed that the result of the potential growth rate shows a significant upward revision for the last few years, mainly reflecting a rise in the TFP growth rate associated with the revision of the GDP statistics.
Shahrier and Lian (2014) estimated Malaysia's Output Gap and presented three methods to estimate the output gap for the Malaysian economy: univariate, multivariate and structural. They attempted to also contribute more by providing an evaluation of each model in estimating potential output and the output gap, and the usefulness of each model in terms of assessing the drivers of future potential output, predicting price trends and identifying sources of inflation in the economy. The study's findings show, that by predicting long-term drivers of growth, the CDPF framework which is supported by theory, appears to be a more useful model. The SVAR method can be utilized to identify the source of inflation so that appropriate policies can be implemented to control inflation. In the paper, Shahrier and Lian (2017) find that the diversity in the results produced by the different models offers policymakers different perspectives on the dynamics of growth and the degree of excess capacity and price pressure in the economy. The structural model shows that input driven growth is not sustainable going forward. This study recommended, that Malaysia like other ASEAN economies will need to focus on productivity driven growth.
To estimate the output gap for Pakistan economy, Tahir and Ahmad (2017) had a comprehensive review and study conducted to estimate the potential output and the output gap, while avoiding the shortcomings found existing relevant literature. The study's findings indicate a decline in the potential output growth of Pakistan from 2009 to 2013 which has increased the economy's vulnerability by making it more susceptible to demand shocks.
Forecasts for the output gap on quarterly and annual frequencies for 2017 is also presented as portraying an upbeat aggregate demand going forward. Alkhareif et al. (2017) aimed to estimate annual potential output growth and the output gap for the Saudi Arabian economy over the period 1980 to 2015, looking at both total output and non-oil output. It also aimed to study the progress of diversifying the economy and measure the possible impact of diversification on potential output. It used three methods for estimating potential output: the Hodrick-Prescott filter, the Kalman filter and the production function approach. The study's findings suggest that the output gap is positive on the average over the entire period; however, the gap has turned negative and has shrunk in recent years. The findings also proved that growth in both potential GDP and total factor productivity has accelerated in the 2011-2015 period. On the other hand, the growth of these factors has declined in many other countries, especially developed economies. Alichi (2015) estimated the output gap in the United States, by adopting an extension of the methodology developed by Blagrave et al. (2015) for the U.S. economy. The study's findings show that the output gap has greatly reduced since the Great Recession but still remains negative. Although this study has achieved better results than its predecessor, there is still considerable uncertainty surrounding the estimates. This study used a methodology consisting of filtering techniques, the use of reduced-form economic relationships, and the use of survey data on growth and inflation expectations. Its findings were more robust than simple SV filtering techniques, as the end-ofsample problems were largely tackled in the MV filtering model used. Alichi (2015) recommended that: -Future work could focus on introducing global and financial imbalances into this MV filtering model, because large and persistent imbalances indeed imply that a closed-economy model could provide gravely incorrect paths of potential output‖.
To identify the output gap in the Polish economy, Hulej and Grabek (2015) used the indicator of resource utilization (RU) based on survey and labor market data. And it gives a similar picture of the historical developments of the resource strain in the Polish economy to the other gap measures used at the Narodowy Bank Polski. By using a real-time dataset, this paper found that the output gap constructed in this way is revised to a similar or (in recent years) lesser extent than a measure based on the structural approach and Hodrick Prescott filter. This paper also proved that the output gap based on the RU indicator performs comparably to other approaches as a proxy of inflation pressure.
Berger (2011) aimed to estimate potential output, the natural rate of unemployment, the core inflation rate, and the corresponding gaps for the Euro area. The study used an empirical model consisting of a Phillips curve linking inflation to unemployment and to link the output gap to cyclical unemployment in a relationship; it used an Okunlaw model. This model is also based on new developments in the models of unobserved components by allowing: (1) the correlation between shocks at normal rates and corresponding gaps and (2) structural restraints in the deviation of potential output and the normal rate of unemployment. The results of the study showed that there is a one-time large shift in the growth rate of potential output in 1974‗s first quarter. The results presented here are also in line with the production function approach in estimating natural rates.
Economic literature has several theoretical and applied studies dealing with measuring the output gap because of its importance as a tool in economic decision-making. We note from the previous studies on the output gap in many countries that most of the studies were limited to measure the output gap using several methods. Most of those studies preferred the method of the production function, which was used by most recent studies related to measuring the output gap. We also note the paucity of studies that dealt with output gap analysis and research on determinants. Thus, we were interested in running this study to estimate the output gap of Saudi Arabia using production function and to analyze its determinants based on the ARDL approach of co-integration relationships.
SAUDI ARABIA'S OUTPUT GAP CALCULATION AND ECONOMETRIC ANALYSIS
In this part, we first calculate the output gap using HP-filter and production function methods, and secondly, we estimate the contributions of the same determinants of the GDP gap.
The output gap (OutGapt) is an economic measure of the difference between the actual output ( ) and potential output ( ). A positive output gap means that growth is above the trend rate and is inflationary. A negative output gap means that there is an economic downturn with unemployment. As considered by Berger (2011) the output gap is modelled according to Watson (1986) and Clark (1987); Berger (2011) as follows:
(1) 
Where ,
Output Gap Calculation by Using H-P Filter and Production Function.
Two categories of the methodology are used in economic literature: the non-structural methodologies, based on statistical procedures and the structural methodologies, based on economic foundations. The main advantages and disadvantages of each group of methodologies are discussed in the economic literature Benes and N'Diaye (2004); Shahrier and Lian (2017) . Special attention is given first to the HP filter (Hodrick and Prescott, 1997) than the production function methodologies, which are based on economic theory approach and adopted by many institutions likes the European Commissions for the surveillance of the EU member states, the Central Bank of Japan, and many other institutions (Kawamoto et al., 2017) ; (Shahrier and Lian, 2017) .
Output Gap Calculation Using the HP Filter
In the economic literature, many studies show that the HP filter method is one of the simple and most widely used methods for detrending macroeconomic time series. In this method, the long-term trend of the desired variable is obtained using actual data. It mainly depends on using a long-run, symmetric, moving average to reduce real output (Polycarpou, 2015) . The tendency is obtained by reducing the cycle of actual data around the trend, by minimizing the following function:
Where; is the long-run tendency of the variable . The coefficient λ is an exogenous detrending parameter that sets the degree of smoothness of the trend (i.e. how responsive potential output ( ) is to movements of actual output ( )). Because the HP filter is used for annual data, λ takes the value 100 2.
These methods of estimation used Saudi Arabian data such as total GDP, oil sector GDP, and non-oil sector GDP, at constant prices (2010=100) (Million Riyals). The result was summarized in Table 1 In the last decades, the widening of the gap between potential and actual output especially for the non-oil sector has been increased due to volatility in oil prices. Lower oil prices cause less government oil revenue and consequently lower levels of capital investment and infrastructure development. Ultimately, this leads to a reduction in the rate of growth. For more details and precise calculations about output gap measurement, we use the second method of estimation mentioned before (production function approach).
3.3: Output gap for the Saudi Arabian economy: a model-based production function approach
The calculation of the output gap in Saudi Arabia is based on the production factors as used by Danielsen et al. (2017) . The two classic production factors used are capital stock and labor. The capital stock is the buildings, machines and other equipment used in production, while labor is the number of people in employment (Fox and Zurlinden, 2006) .
According to the production function in macroeconomics, GDP is obtained from the interrelations of three variables: (i) labor input (L); (ii) capital input ( ); and (iii) the efficiency with which these factors are used, namely TFP ( ). We assume the following relationship for convenience:
Taking the logarithm of both sides of the equation provides the following relationship:
Under the assumption of the Cobb-Douglas production function, it is known that elasticity of labor input to GDP equals labor share in equilibrium 3 . Therefore, using Equation 5, it is easy to calculate the change in , TFP growth or the growth rate of total factors productivity, from the observed change in , , , which is the growth rate of , , K .
 As already mentioned, the physical capital stock (Kt) is calculated using the investment data available through the permanent Inventory Method as follow:
Where is the annual capital stock depreciation rate. In this study ( = 0.05) similar in many other studies 4 .
The initial capital stock (K0) is calculated for the first year, for which gross fixed capital formation data is available (I0) (Sallam and Neffati, 2016) . We used the hypothesis that capital stock at time zero is positively correlated with investments in the following year and inversely related to the average annual growth rate of GDP and depreciation rate. It was calculated in the same way as in formula:
Where g is the average annual growth rate of the aggregate product and δ the depreciation rate.
 The Human capital stock term was constructed following Barro and Lee (1994) methodology based on educational attainment, then used by Senhadji (1999) to estimate Sources of Economic Growth. According to these researches, Ht is written as follows:
Where; Ht: human stock, Lt: labor force (persons employed, in thousands of persons), Pt: participation rate, r:
average years of schooling, and s: schooling rate (education index). According to Table 2 , the output estimation indicates that the elasticity of labor factors (L) of productions is = 0.4514.
The same formulation of the production function can be applied to the potential GDP, i.e., the aggregate average supply capacity obtained by smoothing out the business cycle.
Here, a change in Equation 5 gives the potential growth rate and then subtracting Equation 10 from 5, we obtain:
Combining Equations 2 and 11, we arrive at the output gap time series as follows 5 :
The result of the Equation 13 was given in Table 2 (in the appendix). The different gaps which compound the total output gap are presented in Figure 3 and Figure 4 . To explain these positive and negative gaps we need to test the relationship between the output gap and some macroeconomic variables that may be influencing those gaps. This is the objective for the next section of this paper.
ESTIMATION AND ANALYSIS OF OUTPUT GAP IN KSA
This part of the study is interested in estimating macroeconomic variables that theoretically affect the output gap in Saudi Arabia using macroeconomics time series data covering the period, 1970 -2017. The data used are obtained from the World Bank and the Saudi Arabian Monetary Authority (SAMA) statistics.
There are many studies which attempt to find the main determinant of the output gap (i.e. Sherbaz et al. (2009) ). To determine which variables have an effect on the output gap, we will use the equation below:
Where, is the output gap given by Equation 13 using production function method, 
To analyze the determinants of output gaps (OGt), many methods have been suggested in the econometric literature for investigating the long-run equilibrium relationship between variables. To choose the suitable methods of estimation, we first do a unit root test for all variables to choose the suitable model for estimation based on the variable's integration degrees.
Methodology: Tests and Estimations a-Unit Root Test
These are the stationarity analysis results of variables. According to the stationarity analysis results of variables in Table 3 the ARDL approach is the appropriate method for output gap estimation.
The autoregressive distributed lag (ARDL) modeling approach, was originally proposed by Pesaran and Shin (1998) . The main advantage of ARDL modeling lies in its flexibility when the variables are of a different order of integration. The ARDL model used in this study is expressed as:
Where; the dependent variable (OGt) is explained by exogenous variables through the short and long run relationship. , represent the long-run parameters, while, , are the short run parameters. T is a time trend and (μ) refers to random error.
Based on the original papers of Engle and Granger (1987) and Johansen and Juselius (1990) the ARDL model has some advantages over other cointegration approaches (Afzal et al., 2013; Sallam, 2016) as:
 the ARDL model is suitable for small or finite samples consisting of 30 to 80 observations,  if the variables are being stationary of I(0) or I(1), there is still a prerequisite that none of the explanatory variables is off I(2) or higher order,  The ARDL Model uses a general-to-specific modeling framework by taking a sufficient number of lags to capture the data generating process. It estimates (p+1) k number of regressions to get an optimal lag length for each variable, and  The ARDL method can distinguish between dependent and explanatory variables and eradicate the problems that may arise due to the presence of autocorrelation and endogeneity.
b-Determination of Lags Number
Before estimating with the ARDL model and testing the existence of a cointegration relationship in the long and short run between the dependent variable and the independent variables it is necessary to know the optimal lags of all studied variables.
According to the standard AIC following lagged values (2, 2, 4, 4, 3, 0) were chosen as shown in Figure 5 . 
c-Bounds Tests for Cointegration
The results of the bounds test procedure for co-integration analysis between the output gap (OG) and independent variables model are presented in Table 4 . The empirical results in Table 4 refer to a long standing relationship between OG and the other variables of the model and because the F-statistic for the Bounds Test is 7.842966, it clearly exceeds even the 1% critical value for the upper bound I(1). So, we reject the hypothesis of "no long-run relationship" or agree on the hypothesis that there is a long-run relationship.
After selecting the appropriate number of lags using Akaike's Information Criterion (AIC) and it was confirmed, by the bound test, that they have a cointegration relationship between variables of the study. We moved on to estimation with the ARDL model.
Estimation with ARDL Model
The results from the ARDL and Error Correction models (ECM) proved the existence of a long standing relationship between the output gap and the independent variables. The optimal lag length for the selected error correction representation of the ARDL (2, 2, 4, 4, 3, 0) According to Table 5 a,b which illustrate the results of ARDL Error Correction Regression, the value of the coefficient of the error correction model is negative and significant (-0.479658) . It confirms the existence of a longrun equilibrium relationship at a significant level of 5%. This means that 0.4796 short-term errors are corrected automatically over time to achieve long-term equilibrium, and that the output gap requires approximately two years and one month (1/ 0.4796= 2.08 years) to be adjusted and corrected so that the gap between real and potential GDP will reach equilibrium.
The Regression for the underlying ARDL equation fits very well at , meaning that over 89% of the output gap is explained by exogenous variables considered in the model.
The estimations result shown in Table 5b indicates the existence of a positive and negative cointegration relationship in the long run between the output gap and its estimated determinants. The public sector investment, import expenditure, and higher secondary enrollment have a positive relationship, while the money supply and export earnings have a negative relationship.
Robustness Test for the Estimated Model
To be sure of the quality and the stability of the model used in estimating the determinants of the output gap, the following tests were performed (Serial Correlation LM Test, ARCH, Ramsey RESET Test, Normality test and CUSUM test) as presented in Table 6 and Figure 6 below: To determine whether the model is stable or not, we used the cumulative sum (CUSUM) and the cumulative sum of squares (CUSUM) tests. The testing results as shown in (Fig 6) prove the stability of long-run coefficients over the sample period because the graphs of the cumulative sum of squares (CUSUM) and (CUSUMsq) do not exceed the critical boundaries of both the figures at 5% level of significance. These results indicate that all the coefficients of the estimated model are stable during the period of study. 
CONCLUSIONS
The output gap is defined as the difference between real and potential GDP. It is considered a useful tool for policymakers in providing guidance for macroeconomic decision making in countries across the world. By using annual time series data of Saudi Arabia economy (1970 -2017) based on the SAMA statistics and the World Bank database measuring output gap and using both HP filter and production function of Cobb-Douglas, this paper was able to determine the output gap and relationships between determinants.
The results obtained show there are negative and positive output gaps. This can be explained by the volatility of the oil price because the gaps occur more in the oil sector than in the non-oil sector. Investigations based on the ARDL model and bounds test for a long run co-integration relationship were done to identify the determinants of the output gap. The result of the ECM reveals that public sector investment, export earnings, import expenditure, higher secondary enrolment, and money supply are determinants of the output gap in Saudi Arabia. The significant and negative coefficient of lagged error correction term is an indication of the convergence towards long-run equilibrium. The output gap requires more than two years to be automatically corrected over time in order to achieve long-term equilibrium.
Highlights
This paper highlights the important role plays by the output gap as a tool for policymakers and macroeconomic decision making. It measures and estimates the output gap for the Saudi Arabian economy, and it identifies and analyses the determinants of the economic output gap. It investigates whether a long-run equilibrium relationship exists between the output gap and the determinants, using the bound testing approach to cointegration and error correction models, developed within an autoregressive distributed lag (ARDL) framework. 
